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THE ALKALOIDS OF THE AMARYLLIDACEAE 
THE CHEMICAL INDIVIDUALITY OF HAEMANTHINE 


by 
J. K. COOKE and F. L. WARREN 
OPSOMMING 


Hemantien, C,,H,,0,N, deur Lewin, geisoleer is deur Tutin as n Ta beskryf. Die 
alkaJoied is nou weer geisoleer en die samestelling is verander tot C,,H,,O;N 


SUMMARY 


Haemanthine, C,,H,,0,N, isolated by Lewin, was reported by Tutin to be a mixture. The 
alkaloid has now been isolated again and the formula modified to C,g,H,,O;N. 


In 1912 Lewin! reported an alkaloid, haemanthine, C,,H,,0,N, from Buphane 
disticha Herb. (modern spelling—Bodphone disticha). Tutin® stated emphatically 
that haemanthine must be a mixture of at least two of the alkaloids—probably of 
narcissine (now known as lycorine) and buphanine—which he had two years 
previously shown to be present in the bulbs*. Lewin‘ replied that haemanthine was 
a pure substance, having characteristic chemical reactions and a constant toxic 
action. 

Researches in these laboratories on the bulbs of B. disticha collected in the 
vicinity of Pietermaritzburg have yielded haemanthine in a yield of 0-05-1-0 per cent. 
of the dried weight according to the season at which the bulbs were collected, the 
quantity being greatest in July. It is thus possible that Tutin did not obtain the 
alkaloid due to an unfortunate time of gathering of his material. Lewin finds the 
melting points of the hydrochloride and hydronitrate to be 175°C. and 125°C. 
respectively, while for these derivatives we obtain melting points of 176°C. and 
129-131°C. respectively. Also, as reported by Lewin, the alkaloid gives an intense 
magenta colouration with concentrated sulphuric acid. 

The formula given by Lewin has been revised to C,,H,,0,N as it was noted that, 
while his analysis had been performed on the hydrochloride, no chlorine had been 
included in his calculation :— 

Found (Lewin): 


C, 59-1, 59-0; H, 5-8, 6-65; N, 
Calculated for C,sH.,0; N (Lewin): 

C, 59-2; H, 6:3; N, 38. 
Calculated for CisH.0; NCI (this paper): 

C, 58-8; H, 6-1; N, 38%. 


This new formulation fits better his platinum determination in the platinum 
salt :— 

Found (Lewin) Pt, 18-0. 

Calculated for (C,,H,4O,NC1),. PtC1, (Lewin) Pt, 17-1. 

Calculated for PtCl, (this paper) Pt, 18-1% 

Lewin dehydrates his hydrochloride over sulphuric acid in a high vacuum to 
constant weight. The analysis of the hydrochloride obtained by us and dried in a 
high vacuum at 100°C. shows a water of crystallisation :— 

Found (this paper) : 

C, 56-1, 56-3; H, 6-5, 6-15; N, 3-2. 

Calculated for 1,205 NC. H,O (this paper) : 

H, 6-3; N, 36% 


, 
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Tutin’s statement (1912) “Jm Hinblick auf diese Tatsachen ist es offenbar nicht 
wiinschenswert den namen ‘Haemanthine’ in der literatur beizubehalten’’ has resulted 
in the exclusion of the description of haemanthine from the two latest authoritative 
works on alkaloids®: °, In the light of the evidence now presented, however, haeman- 
thine must be considered as a pure chemical individual and Lewin’s claims are 
completely vindicated. 

Further details concerning haemanthine and other alkaloids of B. disticha 
will be published later. 

Thanks are due to Professor A. W. Bayer of this University and Dr. R. A. Dyer, 
Chief of the Division of Botany and Plant Pathology, for assistance in collecting 
and identifying the plant material, and the authors acknowledge a bursary from the 
S.A.C.S.I.R. to one of them (J.K.C.) as well as a grant for equipment. 


Department of Chemistry and Chemical Technology, 
University of Natal, 
Pietermaritzburg. Received August 25, 1952. 


REFERENCES 


1 Lewin, L., Arch. expt. Path. Pharm., 1912, 68, 333. 

2 Tutin, F., ibid., 1912, 69, 314. 

% Tutin, F., J. Chem. Soc., 1910, 1240. 

4 Lewin, L., Arch. expt. Path. Pharm., 1912, 70, 302. 

® Henry, T. A., ““The Plant Alkaloids’, (Fourth Edition). 

6 Manske, R. F. and Holmes, H. L., ‘‘The Alkaloids’’, 1952, Vol. 2. 


4 JOERNAAL VAN DIE SUID-AFRIKAANSE CHEMIESE INSTITUUT Deel VI, No. 1 


PROPERTIES OF THE BORON HALIDES 


PART II. A NOTE ON THE OCCURRENCE OF A MISCIBILITY GAP IN 
THE LIQUID SYSTEM BORON TRICHLORIDE-BORON TRIFLUORIDE 


by 
B. A. COOKE and H. A. E. MACKENZIE 
OPSOMMING 


Deur die dampdruk van die sisteem boortrichloried-boortrifluoried by — 103°C. te bestudeer, 
en die gemengde vloeistowwe direk waar te neem, is ontdek dat die twee vloeistowwe by 
hierdie temperatuur maar gedeeltelik mengbaar is. Die dampdruk-samestelling kromme by hierdie 
temperatuur word aangegee. 


SUMMARY 


As a result of a vapour pressure study of the system boron trifluoride-boron trichloride 
at —103°C. and by direct observation of the mixed liquids, it has been found that the two 
liquids are only partially miscible at this temperature. The vapour pressure-composition curve 
at this temperature is given. 


It was thought that the vapour pressure of liquid mixtures of boron trifluoride 
and boron trichloride might furnish a rapid method of analysis for the mixed halides 
that could readily be applied in a conventional greaseless high vacuum apparatus 
of the type developed by Stock!. This would be the case if, at the temperature 
selected for determinations, the system were roughly ideal. 


EXPERIMENTAL 
A greaseless vacuum line was constructed which included the features shown in 
Fig. 1. Mercury float valves are indicated by “X’’. “1” and “2” are storage bulbs 
for boron halides, ‘‘3’’ is a flask for measuring quantities (as PV units) of unsaturated 
vapour, ‘4’ represents the vapour pressure apparatus shown in detail in Fig. 2. 
The small bulbs are foy liquid air condensations. 


Figure 1 
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FicuRE 2. 


DEWAR FLASK 


+ Se 


LIQUID AIR 


After condensation in B of a mixture of halides compounded by using the 
quantity measuring flask, the vapour was allowed to expand while exposed to a 
cold finger at the lower end of tube D. The pressure of a constant volume of saturated 
vapour was measured with a wide-bore manometer, the mercury being brought to a 
constant mark, C. Control of the low temperature selected was achieved by sur- 
rounding D with liquid hydrogen chloride, the vapour pressure of. which was 
controlled by a separate manometer actuating an electronic relay which switched 
on and off a 6 watt power supply to the heater, H, which was wound on a close- 
fitting aluminium block, A. The jacket, J, contained air at atmospheric pressure 
and a little: fused calcium chloride served to minimise frosting. A small (3 watt) 
heater, H’, was wound above A. The temperature could be held at —103-3°C. 
within 0-15°C. This temperature corresponds to a hydrogen chloride vapour pressure 
of 231 mm. ? and was selected since it lies above the freezing point of boron trichloride 
(—107°C.) and below the boiling point of the trifluoride (—101°C.). 

Boron trichloride was prepared by heating gently a mixture of aluminium 
chloride and potassium fluoborate*. Large quantities of glass wool were interposed 
in the vapour path to trap the readily entrained aluminium chloride. The boron 
trichloride was purified by three vacuum distillations and had a vapour pressure 
at O°C. of 480 mm. (cf. Stock !.) 

Boron trifluoride was prepared from this trichloride by direct fluorination with 
outgassed, precipitated calcium fluoride at about 220°C.4 in an apparatus designed 
so that the vapour could be drawn across the surface of the hot calcium fluoride in 
either direction. The vapour pressure of the chloride-free product after vacuum 
distillation was 603mm. at —103-3°C., a value close to the results of previous 
workers 

The volume of the vapour pressure apparatus was estimated to be about 11 ml. 
As boron trichloride is virtually involatile at —103-3°C. (less than 1 mm. vapour 
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pressure), the gas phase was assumed to consist entirely of boron trifluoride and, 
for the purpose of calculating liquid phase compositions, to be entirely at room 
temperature. The volume of the vapour pressure apparatus was compared with that 
of the quantity measurement flask by measuring the pressures developed by the 
same mass of unsaturated vapour in each apparatus at room temperature. Thus, 
the only serious assumption made was that the short portion of tube D not at room 
temperature did not accommodate a large mass of halide. This error was probably 
not serious ®. It has been shown’ that, at room temperature and ordinary pressures, 
assumption of ideal gas behaviour for boron trifluoride does not lead to serious 
discrepancies. Using the ratio (8-94) of volume of quantity measurement flask to 
volume of vapour pressure apparatus, the liquid phase composition abscissae of the 
vapour pressure results shown in Fig. 3 were obtained. 

Two procedures were followed with each mixture: 

1. After the halides had been condensed into B and when the cryostat had 
become steady, the liquid air bath was removed from B. A steady pressure was 
usually attained after about one hour and the results are shown as the small triangles 
in Fig. 3. 

2. After procedure (1), D was cooled down to about —130°C. by switching off 
the power supply to the heater H. Equilibrium was then attained only very slowly 
after the cryostat control had been restored and gave the points marked as circles 
on Fig. 3. Two typical plots of approach to equilibrium, those for results “X’’ and 
“Y” in Fig. 3, are shown in Fig. 4. 


DISCUSSION OF RESULTS 
The horizontal portion of Fig. 3 corresponds to the appearance of a second 
condensed phase. In Fig. 4, the well-defined flat portion X, almost certainly cor- 
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responds to a supersaturated solution which was stable for some thirty minutes 
before suddenly ejecting the second condensed phase with a rise in pressure to the 
region X,. As Fig. 3 shows, the final value obtained was almost identical with that 
obtained before procedure (2). The result Y probably has a similar explanation; 
in this case, following procedure (2), equilibrium was not attained even after three 
hours, presumably because the smaller composition difference between the metastable 
and equilibrium conditions corresponds to a smaller free energy excess of the metas- 
table state. Mixtures containing higher proportions of boron trifluoride gave the same 
results by procedure (2) as by procedure (1). 

In order to verify the formation of a second condensed phase, a thermal analysis 
was undertaken and a freezing point apparatus was constructed. When the first 
halide mixture was introduced, however, it was seen (at —100°C.) to separate into 
two liquid layers, the interface being clearly marked. The cooling curve of this 
mixture (about 7 millimoles of halide containing 39-1 molar per cent. of BF ,) showed 
two arrests, respectively slightly below the freezing points of boron trifluoride and 
boron trichloride. With this additional evidence that the flat portion of Fig. 3 
represents a miscibility gap, an explanation of the points A and B in Fig. 3 may be 
offered. Their occurrence may be ascribed to the formation of a small quantity of 
the boron trifluoride-rich layer on the surface of boron trichloride and such slow 
diffusion between the liquid phases that true equilibrium could be reached only 
after procedure (2). 

The composition of the conjugate solutions at —103-3°C. may be read from Fig. 3. 
The two layers contain roughly twenty-five and seventy-five moles per cent. of boron 
trifluoride respectively. The vapour pressure of boron trifluoride saturated with boron 
trichloride at —103-3°C. is 516 mm. 

The appearance of a miscibility gap in a system of two chemically related 
compounds is often the result of association in one of them. The literature lacks any 
account of association in boron trichloride while no quantitative study has been made 
of this phenomenon in boron trifluoride. Booth and Carter, in experiments on the 
critical state in boron trifluoride, observed so large an increase in the viscosity of 
the liquid at —50°C. under its own vapour pressure that their magnetic stirrer 
failed to operate. The formation of the compounds A.6BF,, A.8BF, and A.16BF; 
has been accounted for by Booth and Willson® on the assumption that boron tri- 
fluoride polymerises due to the acceptance of electron pairs by the boron atom from a 
fluorine atom of an adjacent molecule. Co-ordination between boron trifluoride and 
the fluoride ion is well-known (e.g. in the fluoborates!®). At —88°C. there is no 
significant degree of association in the vapour ®. 

A more detailed study of the phase equilibria in the system boron trichloride- 
boron trifluoride is in progress in these laboratories. 

The thanks of the authors are due to the South African Council for Scientific 
and Industrial Research for the award of a bursary to one of us (B.A.C.) and for a 
running expenses grant. 


Department of Chemistry and Chemical Technology, 

University of Natal, 

Pietermaritzburg. Received August 29, 1952. 
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PROPERTIES OF THE BORON HALIDES 


PART III. THE THERMAL CONDUCTIVITY OF GASEOUS BORON 
TRICHLORIDE AND BORON TRIFLUORIDE AND THEIR MIXTURES 


by 
H. A. E. MACKENZIE and C. J. G. RAW 


OPSOMMING 


’n Kompensasie-tiepe warmdraadapparaat is gebruik om die termiese geleidingsvermoé van 
boortrichloried en boortrifluoried tussen 0°C. en 80°C. te bepaal. Die termiese geleidingsvermoé 
is in elk geval direk eweredig met die temperatuur. Temperatuurkoéffisiénte is bepaal. 

Vir eksperimentele waardes vir die termiese geleidingsvermoé van mengsels van boortrichloried 
en boortrifluoried volg die eenvoudige tweedemagsvergelyking van Kennard, mits een empiriese 
konstante paslik gekies word. 


SUMMARY 


A “compensating cell” type of hot wire apparatus has been used to determine the thermal 
conductivities of boron trichloride and boron trifluoride over the temperature range 0°C. to 
80°C. The thermal conductivities vary linearly with temperature and the temperature coefficients 
have been determined. 

Experimental results for the thermal conductivity of mixtures of boron trichloride and 
boron trifluoride obey the simple quadratic equation due to Kennard, with an appropriate choice 
of one empirical constant. 


Two methods are available for the absolute measurement of thermal conduc- 
tivities: the “parallel plate’’ method and the “hot-wire” method. The “hot-wire”’ 
method is the more adaptable if thermal conductivity data are required over a 
range of temperature and has been used in this work. The principle difficulties in 
this method are due to heat losses by radiation, convection, and end conduction 
‘from the heating wire. 

In this research, radiation losses have been allowed for by calculation, convective 
losses have been eliminated experimentally and end conduction has been balanced 
out by using a compensating cell, originally due to Goldschmidt!. This type of 
cell consists of two conductivity tubes differing in length only, so that end effects 
are identical in the two tubes. The theory of this method has been given by Gregory 
and Archer ?. 


EXPERIMENTAL 


The conductivity cell consisted of two brass* tubes of unequal lengths, each 
containing an axial platinum heating wire and soldered at the ends to copper-glass 
seals for connection with the gas supply and vacuum lines. The two tubes were joined 
by a transverse glass tube at one end. 

The axial heating wires were silver-soldered at their ends to identical lengths 
of thin brass rod which were accurately centred by close-fitting “‘syndanio’”’ spacers 
shaped as sectors to allow free passage, of gas. The brass rods were silver-soldered 
at the lower ends of the cell to tungsten leads which emerged through the Pyrex 
glass. At the upper ends of the tubes, identical steel springs were incorporated to 
keep the platinum wires taut. Spirals of copper wire were silver-soldered in parallel 
with these springs for better electrical conduction. 


j 


¥ 
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Important dimensions of the apparatus, required for calculations and measured 
at about 30°C., are tabulated below: 

Radius of platinum heating wires (r,) = 0-01525 cm. 

Internal radius of brass tubes (r,) = 0-5505 + 0-0005 cm. 

Lengths of platinum heating wires: 

(a) in longer tube, 34-843 cms; 
(b) in shorter tube, 11-493 cms; 

giving a difference in length (1,), which can be regarded as the length of a central 

portion of the longer wire without end effects, of 23-350 cms. 

A steady source of voltage for the heating current was provided by a well- 
charged 6 V. accumulator. The two heating wires of the cell were connected in 
opposite arms of a Wheatstone bridge, the shorter being in series with a standard 
variable constantan resistance. The standard variable resistance could be adjusted 
and read to less than 0-0003 2. The bridge wire contact was set in the middle so 
that the requirement for balance would be equality between the value of the 
standard variable resistance and the difference between the resistances of the longer 
and shorter heating wires. At balance, then, the standard variable resistance 
effectively measures the resistance (R,) of a length (1,) of the longer heating wire 
which has no end effects. Balance was indicated by a sensitive mirror galvanometer. 
The electromotive force (E) across the standard variable resistance was measured 
with a Cambridge portable potentiometer, sensitive to 0-0002 V. An estimate of the 
heater current (I) could be made by an ammeter in series with the source of heating 
current. 

The temperature of the length (1,) of the longer platinum heating wire was 
obtained from its resistance. 

The thermal conductivity cell was mounted vertically in a thermostat, the 
temperature of which could be read to 0-1°C. A narrow glass tube, filled with toluene 
and containing a taut length of platinum wire, was immersed in the bath between 
the two tubes of the conductivity cell. The resistance (R,) of this platinum wire 
was used to give, indirectly, the temperature of the thermostat. Its length (l,) was 
24-610 cms. at 30°C. and its radius was the same as that of the platinum wire used in 
the cell. All platinum wire was taken from the same supply so as to ensure the 
same previous history. 

The conductivity cell could be evacuated by means of a mercury diffusion 
pump backed by a rotary oil pump and boron halides were introduced into the 
apparatus via a gas burette by condensation in a small glass bulb. The halides were 
prepared and vacuum-distilled to constant vapour pressure at a low fixed temperature 
by Mr. B. A. Cooke in this department. The pressure of the gas inside the conduc- 
tivity cell could be read from a mercury manometer. 

The performance of the apparatus was tested using dry air from outside the 
laboratory as the conducting gas. Carbon dioxide was not removed from the air. 

After gas at a suitable pressure had been introduced into the conductivity 
cell, a heating current was passed. The system was found to reach a steady state 
after about twenty minutes. Readings of R, and E were then taken. Constancy of 
the thermostat temperature was assured by repeated measurement of Ry. The 
procedure was repeated with different heating currents corresponding to temperature 
differences between the hot wire and wall of the conductivity cell of about 10°, 
20° and 30°C. 

In these experiments convective heat transfer could be neglected because of 
the vertical mounting of the conductivity cell* and because the gas pressure used 
was between 10 and 20cms.5. Further, when convective losses are absent, the 
thermal conductivity is independent of pressure within the precision of the experi- 
mental measurements*, provided the gas pressure is not too low. 
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CALCULATION OF RESULTS 
The power dissipated by the length, 1,, of the heating wire is given by 


I?R, E? 
4:185 ~ 4-185 R, 
the thermal conductivity (ks) is given by 


k In(r,/r,) {(E2/4-185 R,) — ®) 
S = 


cal. Putting this value into the Schleiermacher formula??, 


6, — 9, ) 

where @ is the radiation loss, 0, is the temperature of the heating wire, 9, is the tem- 
perature of the cold wall (and therefore of the thermostat bath) and the other symbols 
have the meanings already assigned to them. 


This formula is based on the assumption of a linear variation of kg with 
temperature. That this does not hold strictly has been shown by Stops? for air, 
carbon dioxide and nitrogen. When fairly large temperature differences, 0, — 0, 
are used, the assumption of linearity inherent in the Schleiermacher formula 
necessarily imposes linearity on the temperature dependence of the calculated kg 
values. These kg values are thus not true thermal conductivities of the gas; hence 
the suffix ‘‘s’. The actual thermal conductivity can, however, be obtained from a 
set of kg values at a particular thermostat temperature, @,, by an extrapolation 
process which assumes linearity over a temperature range of about 30°C. only and 
which is so devised that the assumption of linearity has only a second order effect 
on the final result. 


kg is determined at each of three chosen values of 0,, and the plot of kg against 
0, — ©, is extrapolated linearly to zero temperature difference. The resulting 
thermal conductivity is the true value at the temperature @,. The uncertainty in 
this result (k), is assessed by representing each kg “point” on the graph by a line 
equal to twice the uncertainty in kg and drawing the lines of greatest and smallest 
slopes which cut all three kg ‘points’. The error in the true thermal conductivity 
is then given by half the difference between the intercept values of these two lines 
on the kg-axis. The uncertainty in each kg is directly proportional to the uncertainty 
in 0, — @,. The extrapolation procedure also eliminates such second order effects 
as the temperature jump at the wire and wall of the conductivity cell. 


The temperature difference, 0, — ©,, can be calculated from the observed 
values of the resistances R, and Rg, using the platinum resistance thermometer 
formula and tabulated values of the specific resistance of platinum’. For two wires 
of length 1, and 1, the temperature difference is 


Rs) (53150 626, + 6,) x 10-%, 


for the pure platinum wire used in these experiments. The temperature difference, 
as calculated from this formula, is that between hot wire and wall of the conductivity 
cell if 1,, 1,, R, and R, have the meanings previously assigned to them. 

The largest error in the determination of kg resides in this determination of the 


temperature difference which depends on R, — Ry. The actual error in R, — R, is 
0-0002 22. This leads to the following: 


0, — 9, R, — R, Percentage error in 0, — 9, 
10 0-0124 1-3 
20 0-0248 0-65 


30 0-0372 0-43 


bad 
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The above three temperature differences were chosen because, for lower 
differences, the uncertainty becomes too large and accordingly the error in kg is 
too large for accurate extrapolation and, for higher differences, turbulent heat flow 
may lead to uncertainty in the attainment of a steady state. 


The usual method of determining the radiation loss, ®, by determining the heat 
loss in vacuo, cannot be applied when a compensating cell is used because the 
temperature distribution along an electrically heated wire is not the same in the 
two arms of the cell and thus the intention of precise compensation for end effects 
is vitiated. Also, even in the best attainable vacuum, there is still heat transfer by 
conduction through the rarified gas which is proportional to the pressure and com- 
parable in magnitude with the radiation loss®. 


Milverton 1° has made a complete experimental study of the radiation loss 
from platinum and the application of his empirical formula to our case gives: 


= 1311 x 10-*T,*** — T,***) cal. sec.—*, 
where T, and T, are the absolute temperatures corresponding to @, and 93. 


An example of one complete set of results for the thermal conductivity of 
boron trifluoride at 30°C. is given below: 


Thermostat temperature, 30-0°C. 
Gas pressure, 19-0 cms. 


E. (V) R,(.2) R,(2) 0, —@,(°% © (cal. sec.-?) 105k, 
0-1882 0-3573 0-3609 12-01 0-000657 4-69, 
0-2643 0-3700 0-3609 22-25 0-001192 4-72, 
0-3162 0-3813 0-3609 31-25 0-001790 4-75, 


By extrapolation, k = (4-625 + 0-030) x 10-5 cal. cm.—? sec.—? deg.~} 


RESULTS AND DISCUSSION 
The following results were obtained for air: 


10°k (cal. cm.~? sec.—} deg.~ +) 
0-0 5-87 + 0-07 
25-0 6-31 + 0-06 
50-0 6-73 +. 0-07 


Within the limits of experimental uncertainty, the equation 
k@ = ko(l + 79), 
where k@ is the thermal conductivity at @°C., describes these results with 
= $13 x 10-*. 


The results for air obtained here are compared in the table below with earlier 
determinations. The wide variation in results makes it difficult to decide whether 
there is agreement or not. Laby has remarked!! that ‘‘the values of the thermal 
conductivity of air has been determined by nineteen different observers and the 
mean departure from the mean was seven per cent.” 


The discrepancies between the results of reliable workers fall outside the 
estimated limits of experimental error and this suggests that there is some funda- 
mental factor of which no account has yet been taken. 
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TABLE OF THERMAL CONDUCTIVITY “RESULTS 


FOR AIR (0°C.) 


Author Year Reference 105ko 
Schleiermacher . 1885 12 5-62 2-81 
Miiller 1897 21 5:57 — 
Weber 1917 4 5-68 3-65 
Hercus and Laby 1919 14 5°85 — 
Schneider a 1926 15 5-90 3-95 
Gregory and Archer .. 1926 2 5°85 2-97 
Weber 1927 16 5:74 — 
Mann and Dickens 1931 17 5:79 2-80 
Hercus and Sutherland 1934 18 5-72 — 
Kannuluik and Martin 1934 19 5-76 —- 
Milverton 1934 10 5°81 2°81 
Sherratt and Griffiths. . 1939 20 5-76 = 
Taylor and Johnston .. 1946 5 5-66 + 0-03 2-91 
This research 1952 5:87 + 0-07 3-13 


For boron trifluoride the results were as follows: 


"C. 


0-0 
25-0 
30-0 
40-0 
50-0 
80-0 


105k (cal. cm.~? sec.~ deg.- 1) 


4-14 + 0-04 
4-56 + 0-02 
4-63 + 0-03 
4-73 + 0-06 
4-86 + 0-05 


. &29 + 0-12 


These results show a linear dependence of the thermal ‘conductivity on 


temperature, the temperature coefficient, y, being 3-54 x 10%, 
The results in the case of boron trichloride were: 


0-0 
25-0 
40-0 
50-0 
80-0 


105k (cal. cm.~! sec.— deg.~ 4) 


2-42 + 0-06 
2°63 + 0-06 
2:80 +. 0-05 
2:95 + 0-06 
3-31 + 0-09 


Again the results show a linear variation with temperature and, in this case, 
y = 438 x 10-3. 
The thermal conductivities of three mixtures of boron trifluoride and boron 
trichloride were determined at the most convenient thermostat temperature, viz., 
30°C., with the following results: 
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Mole fraction of BF, 105k (cal. cm.— 4 sec.— 1 deg.— *) 
0-251 3-14 + 0-08 
0-502 3°54 + 0-07 
0-755 4-05 + 0-07 


The accuracy of the results on mixtures could be improved by using a relative 
method and a reference gas ??. It is clear, however, that thermal conductivity provides 
a convenient means for the analysis of the mixed halide vapour. 


From our results, the thermal conductivity of a mixture is given by the following 
form of Kennard’s equation 3: 


kmixture = 10- 5(4-62 X — 0-48 XBF3°XBCi3 + 2-73 X 


This equation gives values which agree with the experimental results to within 
0-03 at most. (x=mole fraction) 


The authors wish to express their thanks to the South African Council for 
Scientific and Industrial Research for the award of a bursary to one of them 
(C.J.G.R.) and for a grant to defray running costs. We are especially indebted to 
Mr. P. Weedon for his patient help in the construction of the apparatus. 


Department of Chemistry and Chemical Technology, 
University of Natal, 
Pietermaritzburg. Received October 15, 1952. 
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THE SYNTHESIS OF 
(+)-ERYTHRO-c-HYDROXY-8-METHOXYBUTYRIC ACID 


by 
LEONARD J. DRY and FRANK L. WARREN 
OPSOMMING 
Metielkrotonaat word met perbensoésuur na metiel-(-+)-epoksiebutiraat ge-oksideer en 


laasgenoemde word deur metanoliese na metiel (+)-eritvo-a-hidroksie-B-metoksiebutiraat verander, 
waarvan verkry word. 


SUMMARY 

Methyl crotonate is oxidised with perbenzoic acid to methyl (+)-epoxybutyrate and the 
latter converted by methanolysis to methyl (-+)-erythro-a-hydroxy-f-methoxybutyrate from 
which (-+)-erythro-a-hydroxy-B-methoxybutyric acid is obtained. 

Following the investigation and synthesis of natural hydroxy acids in these 
laboratories!: 1°, the preparation of the a-hydroxy-f-methoxybutyric acids was 
of interest. Neither of these acids has previously been described, although the 
isomeric a-methoxy-8-hydroxybutyric acid has been obtained as its silver salt by 
the oxidation of 4-methylrhamnopyranose with silver oxide®. Of further interest 
is the relationship between the various methoxyhydroxybutyric acids and the 
desoxymethyltetroses, since the latter can readily, and without danger of inversion, 
be obtained from the optically active forms of the former by acetylation, conversion 
to the acid chlorides followed by catalytic reduction and hydrolysis. This paper 
describes the synthesis of (-+-)-erythro-a-hydroxy-f-methoxybutyric acid (II, R = H)- 


H H 
| 
MeO,C — C — 0- RO,C — C — OH HO —C—H 
| = | 
H — Ct MeO —C— H MeO — C —H 
| | | 
Me Me Me 
t (II) 77% 
H 
| 
MeO,C — C MeO,C — C — 
—C— Me 
| 
Me 
(I) 
H H CO,R 
| | 
MeO,C — C+ MeO — C — CO,R H — C — OMe 
| | 
H —C—0O- H — C — OH H — COH 
| | | 
Me Me Me 


(III) 


|| 
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II (R = H) was obtained in admixture with a small quantity of an isomeric 
acid, probably (+)-erythro-a-methoxy-8-hydroxybutyric acid (III, R = H), as a 
syrup which did not solidify after purification and desiccation. The syrup showed 
the characteristics of an a-hydroxy acid, and was further shown to consist of 77 per 
cent. of an a-hydroxy-8-methoxybutyric acid (II, R = H) by oxidation with lead 
tetra-acetate. The p-phenylphenacyl ester prepared from the mixture of acids (II) 
and (III) (R = H) was obtained in good yield and was readily purified so that it was 
very definitely the ester of (II) (R = p-C,H,;-C,H, CO-CH,—). 

The first stage of the synthesis is the czs-addition* of the epoxide group to the 
ethylenic linkage of the methyl crotonate, which has the ¢vans-configuration shown, 
to give the racemic form of which one modification (I) is shown. The erythro- 
designation of II follows from the ¢rans-addition of methanol to the epoxide. That 
trans-addition takes place during the hydrolysis of an epoxide has been amply 
demonstrated’, 1°. Since alkaline methanolysis®, addition of hydrochloric: acid 
and also of organic acids to epoxides follows the same course‘, it is reasonable to 
assume that acid methanolysis proceeds by ¢rans-addition as well. 

Fission of the epoxide (I) at (a)’and (b) will give (II) and (III) by inversion 
at the B- and a-carbons respectively. These changes are represented by Fischer- 
Rosanoff projections. Since the epoxide (I), however, is the racemic modification, 
(II) and (III) will, be obtained as racemic forms although in the stereochemical 
equations only one enantiomorph is represented. 


The formation of some a-methoxy-8-hydroxybutyric acid (III) is not unexpected 
in view of the findings of Chitwood and Freure®, Bartlett and Ross® and Swern, 
Billen and Knight’. These authors subjected various simple epoxides to alcoholysis, 
using either the sodium alcoholate or sulphuric acid as catalyst. While the basic 
catalyst generally favoured the formation of the one ether-alcohol and the acidic 
catalyst the isomeric ether-alcohol, mixtures of the isomers were usually obtained 
in approximately the same proportions as in the methanolysis of methyl a: 
B-epoxybutyrate. 

The formation of (II) in preference to (III) by acid methanolysis finds a parallel 
in the work of Swern, Billen and Knight’ on phenyl-epoxyethane. This is also in 
accordance with the primary addition of a proton to the oxygen (fission at a) rather 
than by the initial attack by the neucleophylic methoxy ion at the a-carbon (fission 
at b). 


EXPERIMENTAL 

The analyses are by Drs. Weiler and Strauss, Oxford. All melting points are 
uncorrected. 

Methyl (+-)-a: B-epoxybutyrate. Methyl crotonate (14 g., 0-14 mol.) was dissolved 
in 0-90 N perbenzoic acid in dry chloroform (180 ml., 0-081 mol.) and stood for 
several months at 8°C. in the absence of light until 20 per cent. of the perbenzoic 
acid remained. The chloroformic solution was then extracted with 2N sodium 
hydroxide to remove the excess perbenzoic and benzoic acids, washed several times 
with water, dried over sodium sulphate and fractionally distilled to yield impure 
ester (10g.), b. p. 95-165°C. Redistillation under reduced pressure yielded 3-3 g. 
methyl a: B-epoxybutyrate, b. p. 73-76°C./31 mm. (Found: C, 52-7; H, 6-9. C;H,O, 
requires: C, 51-7; H, 

Methyl (-+-)-erythro-a-hydroxy-B-methoxybutyrate. Methyl a: f-epoxybutyrate 
(3 g.) was refluxed with absolute methanol (25 ml.) and concentrated sulphuric acid 
(0-5 ml.) for 2 hours, after which potassium hydroxide (5 g.) in water (5 ml.) was 
added and the mixture refluxed for 40 minutes. The excess methanol was removed 
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under reduced pressure, the residue diluted with water (5 ml.) and extracted twice 
with ether to remove some non-acidic impurities. The alkaline layer was acidified 
with 50 per cent. sulphuric acid (20 ml.) and extracted several times with ether. 
The combined ether extracts were washed once with a little saturated sodium chloride 
solution, dried over sodium sulphate and fractionated to yield a syrupy acidic residue 
(1 g.). The residue was easily soluble in water but sparingly soluble in cold benzene. 
After purification from benzene, it showed an equivalent weight of 133-2 by titration. 
(C5H, 90, requires 134-1). The p-phenylphenacyl ester crystallised from 50 per cent. 
ethanol in small, fine needles. After recrystallisation from 50 per cent. alcohol and 
then from benzene: light petroleum (1:1) it had m. p. 137-138°C. (Found: C, 69-9; 
H, 6-3; OCH,, 10-2. requires: C, 69-5; H, 6-1; OCH,, 


Oxidation of the acidic residue. The method described by Leisegang and Warren ® 
was used, but the addition of a little water to the reaction mixture was in this case 
unnecessary. The purified acidic residue (132-9 mg.) was dissolved in glacial acetic 
acid (10 ml.) and the solution saturated with dried carbon dioxide. Lead tetra- 
acetate (1 g.) was then added, when liberation of carbon dioxide commenced im- 
mediately. The reaction flask being shaken occasionally, oxidation was complete 
in 45 minutes. Using the above quantities of glacial acetic acid and lead tetra-acetate, 
a blank correction (9-0 ml.) was obtained. (Found: 21-3 ml., corrected, at 29°C. 
and 702mm. Hg. C;H, 90, (as a-hydroxy acid) requires 27-5 ml.). 


The authors acknowledge a bursary to one of them (L.J.D.) and a grant for 
equipment from the South African Council for Scientific and Industrial Research. 
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se van; skrywer se voorletters; joernaal; datum; deel; bladsy; die coreeastemmende verwysings- 
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Kelvinhuis, h/v Marshall- en Hollardstraat, Johannesburg. 
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